Rice is a major dietary source for the most asian population, and Koreans consume about 200 -400 g of rice per person everyday. Recently, contamination of river and soil caused by various abandoned mines has become one of the major environmental issues because it possibly increases the content of heavy metals in rice. Since the surveillance levels of most toxic heavy metals in foodstuffs are ppb level, it is difficult to perform accurate measurement of this level.
The main analytical methods used for routine trace analysis has been electrothermal vaporization atomic absorption spectrometry (ETAAS)3 'and inductively coupled plasma mass spectrometry (ICP-MS).4~ The major disadvantage of ETAAS is the need for complete sample dissolution prior to analysis as well as the non-spectroscopic interferences caused by concomitant matrix elements. ICP-MS is one of the most sensitive analytical techniques for the determination of trace metals. For most of the elements in the periodic table, ICP-MS offers very low detection limits which are lower than those in inductively coupled plasma atomic emission spectrometry (ICP-AES) by 2 or 3 orders of magnitude. Furthermore, it provides much simpler spectra, while retaining the simultaneous multi-element nature of the analysis, and the ability to easily use the interference correction technique by using internal standards to correct for plasma power and nebulizer drift. Compared to thermal ionization mass spectrometry (TIMS), ICP-MS shows poor precision of isotope ratios.? However, for most applications where the main source of error is the sampling stage this method has been proven to provide sufficient precision and accuracy. Recently, ICP-MS is increasingly being used in combination with the isotope dilution (ID) technique for the determination of element traces, of the element species, and of organic substances as well.'14 ID-ICP-MS is based on the addition of an exact known quantity of the spike isotopes, normally in solution form, to a sample. After equilibration of the spike isotopes with the natural isotopes in the sample, the altered isotopic ratios are measured with mass spectrometer to calculate contents of elements in the sample by using an appropriate equation. A major advantage of this method is that loss of the elements to be determined has no effect on the analytical result if the spike isotopes and the sample are completely mixed. Another advantage of the technique is the use of an isotope of the same element, which is the ideal form in internal standardization method. In addition, isotope ratios can be measured very reproducibly due to the use of a stable isotope as a spike and, thus, concentrations can be determined very precisely.
Certified 16 The three samples were intended to represent Cd content at a background level (1.0 p gig), the surveillance level (0.4 i-c gig) and the maximum permissible level (1.0 I_I g/g), respectively. Unfortunately, they also lack in certified values for certain crucial elements such as As, Cr, Hg and Pb. The Korea Research Institute of Standards and Science (KRISS) has recently initiated the preparation of rice flour CRMs at normal (B series) and elevated levels (A series) of trace metals to meet the increasing demands for quality assurance purposes.
In the present study, ID-ICP-MS has been applied for the determination of Cd, Cu, Zn and Pb in KRISS B rice flour reference material. Microwave digestion method was employed for the sample dissolution. In order to validate the present method NIST 1568 and VIES 10-a CRMs were also analyzed and the results were compared with their certified values.
Experimental

Reagents
Three enriched spike isotopes (1"Cd, 68Zn and 65Cu) were purchased from U . S. Services (Summit, NJ. USA), and the 206Pb spike isotope (SRM 991) and the isotopic standards used for mass bias correction were bought from KIST (Gaithersburg, MD, USA). The abundance of these spike isotopes are shown in Table 1 . HNO3, HF and ammonium hydroxide were electronic grade purchased from Dongwoo Pure Chemicals (Iksan, Korea) and HC104 was analytical grade bought from Wako Pure Chemical Industries (Osaka, Japan).
Instrumentation
The ICP-MS instrument used for this work was a laboratory-built unit. A Meinhard concentric nebulizer (TR-30-C1; Meinhard Associates, Santa Anna, CA, USA) and a Scott-type spray chamber were used for sample introduction. The nebulizer uptake rate was controlled by a peristaltic pump (Miniplus 3; Gilson, Vi ll iers-Le-Bel, France). Aluminum sampler and skimmer cones were used on the mass spectrometer interface. The orifice diameter of the sampler cone was 1.0 mm and that of the skimmer cone was 0.7 mm. An off-axis ion lens system was used in this instrument, where its quadrupole and interface centers were 8 mm apart. The interface stage was pumped by a Varian SD 450 rotary pump. An Alcatel Crystal 202 diffusion pump was used for the second stage and an Alcatel ATS 200 turbo pump for the third stage. The detector used was a discrete dynode electron multiplier (AF 526A; ETP Scientific Co., USA). The instrumental components and typical operating conditions used throughout this work are summarized in Table 2 . These operating conditions were selected after the optimization of each parameter.
Sample preparation
The KRISS rice reference materials were prepared using unpolished rice collected from Nonsan, Korea. A batch of unpolished rice (80 kg) was pulverized with a rotor speed-mill (18000 rpm) and sieved to pass through a 0.5 mm screen. One half of the resulting rice flour was used for the preparation of A series. The other half of the rice flour was spiked with several metal elements to prepare reference material at elevated level (B series). Each of the two portions were then dried in an oven at 80 °C for 12 hr followed by mixing in a V-blender. The homogenized rice flour was divided into 2-L lass bottles. The sealed bottles were irradiated at Co radiation and stored in the dark place.
The dissolution of rice flour sample was carried out by using a microwave digestion system (MLS-1200 Mega; Milestone, Bergamo, Italy). The dried samples of approximately 400 mg were weighed accurately into the Teflon cup of a high pressure digestion bomb. The appropriate amounts of spike isotopes were added together with 3 mL of HNO3 , and the vessel was sealed. The contents were then digested with a digestion program of 250 W for 3 min followed by 600 W for 5 min. After cooling, Table 1 Abundances of isotopes of the spike and natural elements used in isotope ratio measurements ANALYTICAL SCIENCES VOL.13 SUPPLEMENT 1997 431 I 5 mL of HN03 was added to the solution and the mixture was transferred to a Teflon beaker. To the mixture, 0.5 mL of HF and 0.5 mL of HC104 were added, and the contents evaporated to incipient dryness to ensure complete digestion of any siliceous and organic materials. (Caution: Perchlorates can form explosive mixtures with carbonaceous material.) A further 2 mL of HN03 was added to the solution and the solution again evaporated to near dryness. The final contents were diluted to 30 mL with de-ionized water. All pipets and polyethylene bottles used were cleaned in 20 % HN03 solution for 24 hr and rinsed with de-ionized water (D. I. Water System) prior to use. Stock standard solutions of the elements of interest were prepared by dissolution of pure metals or their salts in nitric acid and dilution to an appropriate volume. Working standard solutions were prepared as required by appropriate dilution of the stock solution with de-ionized water. Dilution was performed by weighing of solutions rather than volumetrically.
Results and Discussion
Isotope dilution calculation In the isotope dilution method, a known amount of atoms possessing different isotope abundances of an element to be determined are added to an unknown amount of atoms of the same element of which the isotope abundances are known. The measured isotope ratio of the isotope A to isotope B, .R, in the isotope diluted sample (mixture of sample and enriched spike compound) is given by Eq. In the present work, the concentration of spike in solution (Csp) was calculated by using the reverse isotope dilution method." The measured isotope ratio of the spike calibration solution, R', is then given by Eq. (2). 
Mass bias correction The measured isotopic ratio is systematically different from the true isotopic ratio for an element in a sample due to mass bias effect. The mass bias is known to be greatest at low mass (6 -8 %), about 2 -4 % in the mid-mass region, and < 1 % at high mass.10 For ICP-MS this bias changes with instrumental operating conditions such as focusing, nebulizer gas flow rate and sample flow rate, and also drifts with time. In the present work the isotopic standard materials were used to correct the mass discrimination. The mass bias correction factors calculated by using the measured and accepted isotopic ratios for Cu, Cd, Pb and Zn were 0.976, , 111Cd/1112Cd, 65Cu/63Cu and 68ZnPZn respectively.
Analysis of rice flour reference materials
The isotope dilution ICP-MS method was applied to determine KRISS reference material made by the Korea Institute of Standard and Science. The results are summarized in Table 3 . The concentrations of Pb, Cd, Cu and Zn in the KRISS B reference material were found to be 29.9 ng/g, 33.9 ng/g, 3.00 p g/g and 22.6 ,u g/g, respectively. The relative standard deviations of 5 replicates were 4.3 %, 4.4 %, 2.7 % and 3.5 % for Pb, Cd, Cu and Zn, respectively. In order to validate the analytical results of KRISS B sample, we also analyzed NIBS 10-a and NIST 1568 reference materials by using the present method. The analysis results for Cd, Cu and Zn obtained in this work were in good agreement with their certified or recommended values within the limits of uncertainty (Table 3) . The results of this study demonstrate the excellent accuracy of the isotope dilution ICP-MS method to determine Pb, Cd, Cu and Zn in rice flour. Table 3 Analytical results for rice flour reference material by isotope dilution ICP-MS method'
